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FDSWXUH DQG VWRUDJH &&6 K\GURIUDFWXULQJ GXULQJ VKDOH JDV SURGXFWLRQ DQG SHUPDQHQW UHVHUYRLU PRQLWRULQJ
350 :H EHOLHYH WKDW DFWLYH VHLVPLF PRQLWRULQJ XVLQJ WKH $FFXUDWHO\ &RQWUROOHG 5RXWLQHO\ 2SHUDWHG 6LJQDO
6\VWHP$&5266 LVRQHRI WKHPRVWXVHIXODSSOLFDWLRQVRI WKH WLPHODSVHDSSURDFK >@7KH$&5266ZDV ILUVW
GHYHORSHG LQ LQ-DSDQ.XPD]DZDet al >@ LQLWLDWHG WKHXVHRI WKH$&5266IRU WLPHODSVHUHVHDUFK LQWR
HDUWKTXDNHSUHGLFWLRQ.DVDKDUDet al DSSOLHG WKLV WHFKQRORJ\ WR(25&&6DQGRLO±JDVH[SORUDWLRQ>±@7KH\
FDUULHG RXW LPDJLQJ VLPXODWLRQV DVVXPLQJ FKDQJLQJ ]RQHV DW YDULRXV GHSWKV DQG SURYHG WKDW D VLQJOH VHLVPLF
$&5266VRXUFHDORQJZLWKDPXOWLJHRSKRQHDUUD\FDQSURGXFHJRRGTXDOLW\LPDJHVRIWLPHODSVH]RQHV>±@:H
VXFFHVVIXOO\DSSOLHGWKLVPHWKRGLQDQDLULQMHFWLRQILHOGH[SHULPHQWDW$ZDML,VODQG-DSDQ>@
,Q WKLV VWXG\ZH WHVWHG WKLV WHFKQRORJ\ LQ WKHFRQWH[WRIFDUERQDWH URFNV LQ6DXGL$UDELD7KH$O:DVVHZDWHU
SXPSLQJVLWHLVDSSUR[LPDWHO\NPHDVWRI5L\DGKDQGZDVVHOHFWHGDVDWULDOVLWH7KHLQWHQWLRQZDVWRREVHUYH
WKHFKDQJHVLQDTXLIHUVLQGXFHGE\SXPSLQJRSHUDWLRQV2QH$&5266VRXUFHXQLWZDVLQVWDOOHGDWWKH$O:DVVHVLWH
LQ'HFHPEHUDQGDILHOGWHVWZDVFRQGXFWHG2QHPRQWKRIGDWDEHWZHHQ'HFHPEHUDQG-DQXDU\
ZDV REWDLQHG:H DQDO\]HG WKH VHLVPLF UHFRUGV IURP WKH H[FLWDWLRQ E\ WKH $&5266 VHLVPLF VRXUFH DQG FURVV
FRUUHODWHGWKHEDFNJURXQGWUDIILFQRLVHE\XVLQJWKHVHLVPLFLQWHUIHURPHWU\WHFKQLTXH
0HWKRG$&5266FKDUDFWHULVWLFVDQGGHVFULSWLRQRIWHVWVLWH
2.1 Description of ACROSS and data analysis method 
7KH$&5266 VHLVPLF VRXUFH )LJ JHQHUDWHV D IRUFHE\ URWDWLQJ DQ HFFHQWULFPDVVZLWK D VHUYRPRWRU7KH
V\VWHP XVHV D IUHTXHQF\ EDQG RI ±+] 7KH VRXUFH VSHFWUXP LV REWDLQHG E\PRQLWRULQJ WKH SRVLWLRQ RI WKH
URWDWLQJPDVVRYHUWLPH7KHFORFNZLVHDQGDQWLFORFNZLVHURWDWLRQVRIWKH$&5266VRXUFHDUHVZLWFKHGHYHU\KRXU
7KHFRQWURORIWKHPRWRULVEDVHGRQ*OREDO3RVLWLRQLQJ6\VWHP*36WLPH
+RXUO\GDWD DUHGLYLGHG LQWRHLJKW V VHJPHQWV DQG VWDFNHG LQ WKH IUHTXHQF\GRPDLQ:HFDQ FRPSXWH WKH
WUDQVIHUIXQFWLRQVE\GLYLGLQJWKHVSHFWUDRIWKHREVHUYHGUHFRUGVE\WKHVRXUFHVSHFWUDLQWKHIUHTXHQF\GRPDLQ%\
XVLQJWKHIRUFHFi xyDQGGLVSODFHPHQWDjxyzWKHWUDQVIHUIXQFWLRQVLH*UHHQ¶VIXQFWLRQVHijxyz
x yzEHWZHHQxyzDQGxyzDUH


)LJ$&5266VHLVPLFVRXUFHXQLWVKRZLQJVHUYRPRWRU
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ZKHUHiDQGjDUHGLUHFWLRQVRIWKHIRUFHDQGGLVSODFHPHQWUHVSHFWLYHO\HijLVDVHFRQGUDQNWHQVRU
%\ DGGLQJ DQG VXEWUDFWLQJ GDWD IRU FORFNZLVH DQG DQWLFORFNZLVH VRXUFH URWDWLRQV ZH FDQ V\QWKHVL]H WUDQVIHU
IXQFWLRQV IRU YHUWLFDO DQG KRUL]RQWDO IRUFHV YLEUDWLRQV >@ %HFDXVH ZH FDQ FDOFXODWH WKH WKUHHFRPSRQHQW
GLVSODFHPHQWDWDORFDWLRQxyzIRUIRUFHVLQWZRRUWKRJRQDOGLUHFWLRQVSHUSHQGLFXODUWRWKHURWDWLRQD[LVRIWKH
VRXUFHDWxyzZHFDQREWDLQVL[FRPSRQHQWVRIWUDQVIHUIXQFWLRQVEHWZHHQxyzDQGxyz:HXVH
WKHQRWDWLRQHzVIRUWKHWUDQVIHUIXQFWLRQRIWKHYHUWLFDOGLVSODFHPHQWH[FLWHGE\DYHUWLFDOIRUFHHyHLVWKHWUDQVIHU
IXQFWLRQIRUWKH\FRPSRQHQWH[FLWHGE\WKHKRUL]RQWDOIRUFH7KHWUDQVIHUIXQFWLRQVIRUWKHYHUWLFDODQGKRUL]RQWDO
IRUFHVDUHGRPLQDWHGE\3DQG6ZDYHVUHVSHFWLYHO\>@

)LJ'LVWULEXWLRQPDSRIVHLVPLF$&5266VRXUFHDWDQG&+]JHRSKRQHV7KHVFDOHLVLQPHWHUV7KHKHDGLQJLV1(7KH
URWDWLRQD[LVRIWKHPRWRULV1(±6:

)LJ7UDQVIHUIXQFWLRQVDWVWDWLRQVDUUDQJHGE\RIIVHWGLVWDQFHVREWDLQHGIURPKRIGDWDHvVOHIWYHUWLFDOJHRSKRQHUHFRUGVH[FLWHGE\
YHUWLFDOVLQJOHIRUFHHrHULJKWUDGLDOJHRSKRQHUHFRUGVH[FLWHGE\KRUL]RQWDOVLQJOHIRUFH7KH±+]+DQQLQJZLQGRZZDVXVHG7KH
YHUWLFDOD[LVUHSUHVHQWVWKHWUDYHOWLPHLQVHFRQGV7KHODEHOVRQWKHKRUL]RQWDOD[LVDUHVWDWLRQV,'V7KHKRUL]RQWDOD[LVLVQRWSURSRUWLRQDOWRWKH
RIIVHWGLVWDQFHEHFDXVHPXOWLSOHVWDWLRQVZHUHDWWKHVDPHGLVWDQFH$PSOLWXGHVZHUHFRUUHFWHGE\PXOWLSO\LQJWKHVTXDUHVRIWKHRIIVHWGLVWDQFHV
7KHKRUL]RQWDOUHGDQGJUHHQGRWWHGOLQHVUHSUHVHQWVp NPVDQGVs NPVUHVSHFWLYHO\7KHSKDVHZLWKYHU\ODUJHDPSOLWXGHVMXVWDIWHU
WKHDUULYDORIWKH6ZDYHZDVQRWLQWHUSUHWHG
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2.2 Test site 
7KH$O:DVVHZDWHUSXPSLQJVWDWLRQLVLQWKHGHVHUWDSSUR[LPDWHO\NPHDVWRI5L\DGK6DXGL$UDELD:DWHU
H[WUDFWHGIURPZHOOVDW$O:DVVHVXSSOLHV5L\DGK7KHEDVHPHQWRIWKH$O:DVVHILHOGLVFRPSRVHGRIOLPHVWRQH±
GRORPLWH ORFDOO\ FRYHUHG ZLWK VDQG GXQHV 7KH ZDWHU WDEOH LV EHWZHHQ ± P GHHS LQ VDQGVWRQH OD\HUV
8QIRUWXQDWHO\WKHUHDUHQRSXEOLFO\DFFHVVLEOHVHLVPLFSURILOHVLQWKLVDUHD7KLVKDVPDGHXQGHUVWDQGLQJWKHVHLVPLF
SKDVHVGLIILFXOW
7KH$&5266VHLVPLFVRXUFHLVDW WKHFHQWHURIDQDUUD\RIJHRSKRQHV7KLUW\RQH&+]VXUIDFHJHRSKRQHV
ZHUHGHSOR\HGLQDNPîNPDUHDVSDFHGDWP)LJ7KHGLVWDQFHVEHWZHHQWKH$&5266VRXUFHDQGHDFK
VWDWLRQZDVDSSUR[LPDWHO\±P7KHJHRSKRQHVSDFLQJZDVGHWHUPLQHGIRULPDJLQJHYHQWKRXJKWKH\ZHUH
WRRIDUDSDUWWRGHWHUPLQHWKHXQGHUJURXQGVWUXFWXUH
:HDQDO\]HGWKHGDWDIURP'HFHPEHUWR)HEUXDU\
5HVXOWVREWDLQHGZLWKDFWLYHVHLVPLFVRXUFH
7KHWUDQVIHUIXQFWLRQVDUHVKRZQLQ)LJ:HREWDLQHGVS NPVDQGVV NPVIRUUHIUDFWHG3DQG6
UHVSHFWLYHO\3ZDVWKHILUVWDUULYDOLGHQWLILHGLQWKHHvVWUDQVIHUIXQFWLRQ6ZDVLQWHUSUHWHGDVWKHIDVWHVWDUULYDODIWHU
3DFFRUGLQJWRWKHHrHWUDQVIHUIXQFWLRQ$OWKRXJKDODUJHSKDVHDIWHU6ZDVVHHQLQHvVDQGHrHWKHQDWXUHRIWKLV
SKDVHLVQRWFOHDUEHFDXVHRXUJHRSKRQHVWDWLRQVZHUHWRRVSDUVHWRGHWHUPLQHWKHYHORFLW\VWUXFWXUHLQWKLVDUHDDQG
WKHUHZHUHQRRWKHUVHLVPLFGDWDDYDLODEOHRWKHUWKDQWKLVVWXG\
7KHWLPHODSVHRIVWDWLRQVDQGDUHVKRZQLQ)LJ7KHURWDWLRQD[LVRIWKHVRXUFHZDVSDUDOOHOWR
WKHOLQHFRQQHFWLQJWKHVRXUFHDQGDQGSHUSHQGLFXODUWRWKHOLQHFRQQHFWLQJWKHVRXUFHDQG
7KHZDYHIRUPV VHHQ LQ )LJ ZHUH OHVV FRKHUHQWZKLFK LQFUHDVHG WKH GLIILFXOW\ RI FRUUHODWLRQ DQG VXJJHVWV WKH
KLJKO\KHWHURJHQHRXVVWUXFWXUH
+RZHYHU WKHWLPHODSVHVRIWKHWUDQVIHUIXQFWLRQVVKRZHGQRWLFHDEOHZDYHIRUPFKDQJHVHVSHFLDOO\LQWKHODWHU
SKDVHVGXULQJWKHREVHUYHGSHULRG$OWKRXJKWKHUHZHUHZDWHUSXPSLQJZHOOVLQWKHWHVWVLWHLQIRUPDWLRQRQWKH
SXPSLQJRIHDFKZHOOZDVQRWJLYHQWRXV7KLVZDVDQRWKHUUHDVRQWKDWLQFUHDVHGWKHGLIILFXOW\RILGHQWLI\LQJWKH
FDXVHRIZDYHIRUPFKDQJHV
6HLVPLFLQWHUIHURPHWU\ZLWKVLPXOWDQHRXV$&5266RSHUDWLRQ
:HFDUULHGRXWVHLVPLFLQWHUIHURPHWU\XVLQJEDFNJURXQGQRLVH7KHVLJQDORIWKH$&5266VHLVPLFVRXUFHLQWKH
IUHTXHQF\GRPDLQLVDVHWRIGLVFUHWHOLQHVSHFWUD7KLVIHDWXUHHQDEOHGXVWRXVHWKHEDFNJURXQGQRLVHREVHUYHGDW
JDSV RI WKH VLJQDO VSHFWUD IRU DQDO\VLV RI SDVVLYH VHLVPLF :H DWWHPSWHG VHLVPLF LQWHUIHURPHWU\ E\ XVLQJ WKH
EDFNJURXQGQRLVHGXULQJ WKH$&5266RSHUDWLRQ$Q LQWHUVWDWLRQ WUDQVIHU IXQFWLRQZDVREWDLQHG IURP WKH FURVV
SRZHUVSHFWUDRIWKHQRLVHIUHTXHQFLHVDYHUDJHGIRUDFHUWDLQSHULRG7KHLQYHUVH)RXULHUWUDQVIRUPJDYHWKHWLPH
GRPDLQZDYHIRUPFRUUHVSRQGLQJWRWKHFURVVFRUUHODWLRQ
)LJ  VKRZV WKH VHLVPLF LQWHUIHURPHWU\ UHVXOWV XVLQJ VWDWLRQV  DQG  $ 5D\OHLJK ZDYH SURSDJDWLQJ
QRUWKZDUGZDVFOHDUO\LGHQWLILHGIRUPRVWRIWKHVWDWLRQSDLUV:HFRQVLGHUHGWKHGRPLQDQWQRLVHVRXUFHWREHWUDIILF
QRLVHIURPWKHKLJKZD\VRXWKRIWKHWHVWVLWH
'LVFXVVLRQ
:HREWDLQHGWZRWLPHODSVHREVHUYDWLRQVRQHZLWKDQDFWLYHVHLVPLFVRXUFHDQGDQRWKHUZLWKWUDIILFQRLVHDVD
SDVVLYHVHLVPLFVRXUFH7KHUHVXOWVREWDLQHGIURPWKHDFWLYHVHLVPLFVRXUFHZHUHPRUHFRPSOLFDWHGWKDQWKHUHVXOWV
IURP WKH SDVVLYH VRXUFH 7KH UHVXOWV RI WKH DFWLYH VRXUFH VKRZHG ODUJH FKDQJHV LQ WKH ODWHU SKDVHV )LJ  OHIW
SDQHOV ,Q FRPSDULVRQ WKHFKDQJHV LQ WKHERG\ZDYHSDUWV )LJ ULJKW SDQHOVZHUH UHODWLYHO\ VPDOO7KH ILUVW
DUULYDOVRIWKH3ZDYHVHHPHGWREHDOPRVWFRQVWDQWZKLOHWKHDPSOLWXGHVRIWKHIROORZLQJSKDVHVVKRZHGWHPSRUDO
YDULDWLRQV7KHUHVXOWVRIVHLVPLFLQWHUIHURPHWU\E\WKHSDVVLYHVRXUFHVKRZHGWKHDSSHDUDQFHRIDQHZODWHUSKDVH
DURXQG-DQXDU\
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
)LJ7LPHODSVHRIHvVWUDQVIHUIXQFWLRQVDWWKUHHVWDWLRQVREVHUYHGZLWKYHUWLFDOJHRSKRQHVH[FLWHGE\YHUWLFDOIRUFHXVLQJKRIGDWDIURP
'HFHPEHUWR)HEUXDU\,QWKHULJKWKDQGSDQHOVWUDQVIHUIXQFWLRQVZLWKWLPHZLQGRZEHWZHHQ3DQG6DUULYDOVDUHVKRZQ7KH
RIIVHWGLVWDQFHVRIVWDWLRQVWRSPLGGOHDQGERWWRPZHUHDQGPUHVSHFWLYHO\VHH)LJ7KHKRUL]RQWDOUHG
DQGJUHHQOLQHVIRUHDFKGLDJUDPUHSUHVHQWNPVIRUWKH3ZDYHDQGNPVIRUWKH6ZDYHUHVSHFWLYHO\

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
)LJ7LPHODSVHZDYHIRUPUHVXOWLQJIURPVHLVPLFLQWHUIHURPHWU\XVLQJEDFNJURXQGQRLVHVREVHUYHGDWDQGZLWKGLVWDQFHRIaP
(DFKGDLO\WUDFHZDVREWDLQHGE\VWDFNLQJIRUK7KHYHUWLFDOD[LVLVWKHODJWLPHLQVHFRQGV$SRVLWLYHODJPHDQVQRUWKZDUGSURSDJDWLRQ7KH
KRUL]RQWDOD[LVLVWKHGDWHIURP'HFHPEHUWR)HEUXDU\7KHODUJHVWSKDVHDWíVZDVLQWHUSUHWHGWREHD5D\OHLJKZDYH7KH
SKDVHDURXQGíVVKRZHGUHPDUNDEOHLQWHQVLILFDWLRQIURPDERXW-DQXDU\
7KHVXUIDFHZDYHVREVHUYHGIURPWKHDFWLYHDQGSDVVLYHVRXUFHVKDGGLIIHUHQWIUHTXHQF\FRQWHQWVVRZHFRXOG
REVHUYHSKHQRPHQDDWGLIIHUHQWGHSWKV7KH WHPSRUDOFKDQJHV LQ WKH ODWHUSKDVHVREVHUYHGZLWK WKHDFWLYHVRXUFH
VKRZHGDJRRGFRUUHODWLRQZLWKWKHDLUWHPSHUDWXUHREWDLQHGE\HDFKGDWDORJJHUZKLFKLPSOLHVFKDQJHVLQDYHU\
VKDOORZSDUWRIWKHJURXQG:HLGHQWLILHGVLPLODUZDYHIRUPFKDQJHVGXHWRQHDUVXUIDFHWHPSHUDWXUHFKDQJHVZLWK
RXUH[SHULPHQWLQ-DSDQ>@
&RQFOXVLRQV
:H FDUULHG RXW D WLPHODSVH H[SHULPHQW LQ 6DXGL $UDELD IURP 'HFHPEHU  WR )HEUXDU\  XVLQJ DQ
DFFXUDWHO\FRQWUROOHGFRQWLQXRXVVHLVPLFVRXUFH9HU\GLVWLQFWWHPSRUDOFKDQJHVZHUHLGHQWLILHGLQWUDQVIHUIXQFWLRQV
IRU WKH YHUWLFDO DQG KRUL]RQWDO IRUFHV YLEUDWLRQV DW DOO  VWDWLRQV %HFDXVH WKHUHZDV QR FKDQJH LQ WKH VRXUFH
VSHFWUD GXULQJ WKLV SHULRG WKHPDLQ FDXVH RI WKH ZDYHIRUP FKDQJHV WR WKH WUDQVIHU *UHHQ¶V IXQFWLRQVPD\ EH
FKDQJHVLQWKHZDWHUWDEOHGXULQJWKLVSHULRG7KHUHDUHSXPSLQJZHOOVDWWKH$O:DVVHILHOGDQGWKH\PD\KDYH
GUDVWLFDOO\FKDQJHGWKHZDWHUWDEOHGLVWULEXWLRQ%HFDXVHRIWKHODFNRIIXQGDPHQWDOGDWDVXFKDVWKHFUXVWDOVWUXFWXUH
DQGSXPSLQJUHFRUGVRIZHOOVDQG WKHKLJKO\KHWHURJHQHRXVVKDOORZVWUXFWXUHZHFRXOGQRW LQWHUSUHW WKHDUULYLQJ
ZDYHIRUPV
7KHUHVXOWVVKRZSURPLVLQJGDWDIRUGLVFXVVLRQRIWKHWLPHODSVHSUREOHP7KHLQFRKHUHQFHRIWKHGDWDREVHUYHG
E\DGMDFHQWVWDWLRQVLQGLFDWHVWKDWVKRUWHUVWDWLRQGLVWDQFHVDQGDSSURSULDWHFUXVWDOVWUXFWXUHH[SORUDWLRQDUHUHTXLUHG

$FNQRZOHGJPHQWV
:H H[SUHVV JUHDW WKDQNV IRU WKH FRQWLQXRXV VXSSRUW RI -&&3 LQ -DSDQ DQG.$&67 LQ WKH.LQJGRPRI 6DXGL
$UDELD:HDOVRH[SUHVVRXUJUHDWWKDQNVWRWKHVWDIIRI-&&3IRUWKHLUHQWKXVLDVWLFVXSSRUWGXULQJWKLVUHVHDUFK:H
H[SUHVV RXU JUHDW WKDQNV WR'U$*XLGL0U7DNDQR DQG0U 6 ,WR 177'DWD&&6&R/WG IRU WKHLU JUHDW
HIIRUWVWRLQVWDOODQGVHWXS$&5266DWWKH$O:DVVHILHOG

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